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A I.tCroy 3500 multichannel analyzer was used to acquire and store

LIW data for subsequent analyais. The LeCroy 35(IC has a built-in CAMAC

rninicrate, keyboard, and cathode-ray tube display (Fig. 2). It runs a

CP/Ff” operating system that supports FGRTRAN programs. LeCroy supplied

both a kWRTRAN-callable CAMACprogram and plotting libraries that were

used LO develop the data-acquisition software employed in making these

measurements.

TIIe LeCroy 350(J also has special CAMAC data acquisitio~ modules that

CdII illiaLe direct ml’mory access (DMA) to the 24-hlL data memory. one

such modllle is Lhc ],~,cruy 3511 an,?log- to-digiLal converter that detects

:Illd (i if:i Li 41!s Lil(t ~:lmHlfi-ray detector pulsL’s. l“hu di[;iLizing time for 13

i)i~:i i:; ‘) ]IS; Ltlt! I)?IA Lime is I IJS. k’;t.h this nwdule programmed Lo
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EXPERIM::hTAL METHOD

Specific probe rnonoergetic gamma rays were chosen aa widely

separated in energy as possible in order to have a suitably large range

238Th-208ti ~ource ~c.ne~
:.

of inaterial attenuation coefficients. A

very close to these requirements, decays with a lot.g half-life, and is

60
readily available. On occasion, a Co source was incorporated for

acquiring better statistics in the middle of the energy range employed.

One gamma-ray transmission scan of a multipltl-cornp~J1lent/[llu] tip]c-

laycr attenuating assembly appears in Fig. 3. The .Irran[;(:ment of the

attenuating materials is shown in Fig. 4. ‘rhl: S~illl SI)L)WS ~ SL’riL.t* (If

irregulur steps as the scanner Lrdnspurts L!it~ iiLLl”nu.lLor .Issi’mh]y’ Lhrough

the ~;amm-ray I)(tam. ‘[.lle bolln(].lril:s l~(ilw(:(’n ni:itt,riil]s al,plt;]r IIn L])c,



I(k) = 10(k) exp -~ ~i(k)p. t (la)
li

or
i

In
~o(. \

~ ~i(k)~.t (lb)
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i

(l:le such equation, relating the material thicknesses (or densities) to

c,btcrvcd gamma-ray illtCIISiLiCS, is obtained for each gamma ray.
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.“ ,1 ii,:::. ill :.ix 1:11}.IitswIIk:

~,, 1,,[:’W) - 7,(’M t, ~ I.wl 1. ~ rl,~,’.l~ II * O.ull 14 * 11.121 It ● 11.;lh l,,
.’

[(;w)

1, [ !’!1,1
11, . - 1.11, , 1

4 1.1111., ● l,,;~’ ! , * l,;hl I * Ilmlp$ I * 11,]}~ ,
1, 1,,1,j . k ‘1 h

,,, 1,,’.+!)
- 1.,.1 Ii *1..JI,I I . 1,,11.,4 , ~ 1.. :11 1. ■ ‘.11P’ 1, ~ 1’.1’,1, I,mt

:1. P, I . u

I 1,1.1 .,, +.,:
11: , .,1, ,

‘1 ‘ ‘ ‘“:’” ‘. “ “’’”” ‘~ ● ‘“”i; p ‘ii ‘ “’
~ 1~,1.’h I

,118. ,
% 1.

ill.’)1,, I - 1,. #,k I 8 f ...’4 I ~ 1,, ..,,’ I o 11,1,,., f , :. .,., .1, , 9 l,. 1111, I
I 1,

:. :,,!
., I

11,
1,111 “Ill

- 1,. ‘111.1,,,.111 # 11,.111 I

I
91.11111 .l.,’. il., .l.l..l .?!,, (.’11t

ll; ~.11 #’ .,

:,[.’1,11,1
1, . 1,. .,:1 I

I
l[l. ..; : .1,,.11,, 1 .11,.1 I 1..1 ,1,1 I . [.,11 ,1 I

:a.#1.ml

~,,1
.“ ,. h



‘here ‘1’ ‘2’ ‘3’ ‘4’ ‘5’ ‘6
are the thicknesses (in centimeters)

of lead, cadmium, iron, aluminum, polyethylene, and mock high explosive!,

respectively. One such set of linear equations occurs a& each point in a

typical scan, relating the thicknesses of the materials at that point to

the transmis~ion of the gamma rays at that point.

We can find these unknown thicknesses tl . . . t6 by solving the

set of six lirl(-ar equations exacLly, or finding the t; by ;I

luflSt-SqUilr ., m~’Lhod whur(! there are more ~’quations LliiIn unkl]owns. ‘I%(!

r~’suits Of d tust rlln :lpI)I?ilr in Tdble 11.
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Neck High. . ..-c-,-,<: L c3C:.: 11:.% iron Aluminum Polyethylene Explosive
-=-.

al. ~ S= O.; )5 G=7.06 p=2.70 I)=L).92 p=l.134
-. -. -~. . ... ) icrl j {.Cx- 1) (cm-l) (Cml) (cm-l)—.. —.— —— .—

,., ;? L .“~il (J. Y59 u.3iJ3 0.121 0.21/3

.1<
~.-. L.jj :7. b31 LJ.278 ().112 0.200

-. : ,,
4.* 1.: (J ~.755 0.261 u .105 0.188

.- y-.
L. J b.ditl b.b47 LJ.225 U.0907 U. 163

-., .L.L: d.l..l L U. 609 b.2ib G.0857 0.154

..-
-2 A*.: ;-. .:. ~c 2.327 lo.3tia LJ.1213 0.0403 0.0726
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Mock High
:.e .=.li Ld{~i:iU1m Irca Aluminum Polyethylene Explosive
.- _”,k... i c::; (C=J (cm) (cm) (cm)

A:Ltia:
.
l.”; I;.32 2.5 1.9 5.4 6.6



FIGURE CAPTIONS

Fig. 1. iligh-purity germanium detector, source, and attenuation

materials mounted on scanner carriage.

Fig. 2. LeCroy 3500 multichannel analyzer.

Fig. 3. Attenuation profile, multi-component/multi-layer transmission

test object.

l~i~:. 4. ‘r~p view of Lransl,il+:;ion Lest object shown in Fig. 3.
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i.r. , = ;.US t, + 1.90 t * + 0.955 t ~ + 0.303 E4 + 0.121 t5 + 0.218 t6.

:{2261
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+ 0.LW5 t + 0.154 t
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i?. .1 = 0.597 Ci + G.545 t2 + 0.506 t3 + 0.178 t4 + 0.0719 t5 + 0.128 t6
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